PTEN encodes a dual phospholipid phosphatase, and is frequently deleted, mutated or down-regulated in a variety of human malignancies. Here, we performed a systematic bibliometric, meta-and bioinformatics analysis through multiple online databases up to March 14, 2017. The co-citation and co-word analysis showed that the study about PTEN and gastric cancer mainly focused on PTEN discovery, correlation of its genetic and epigenetic alteration with cancers, the effects of PTEN expression on the phenotypes of gastric cancer cells, and the regulatory effects of miRNA on PTEN translation. Meta-analysis indicated that down-regulated PTEN expression was seen in gastric cancer in comparison to normal mucosa and dysplasia (p < 0.05), and positively with depth of invasion, lymph node and distant metastasis, TNM staging, dedifferentiation and poor prognosis of gastric cancer (p < 0.05). According to bioinformatics databases, PTEN mRNA expression was higher in gastric cancer than normal tissues (p < 0.05), and positively correlated with depth of invasion and differentiation of gastric cancer (p < 0.05). Kaplan-Meier plotter showed that a higher PTEN expression was positively correlated with overall and progression-free survival rates of all cancer patients, even stratified by aggressive parameters (p < 0.05). These findings indicated that PTEN expression might be employed as a potential marker to indicate gastric carcinogenesis and subsequent progression, even prognosis.
INTRODUCTION
PTEN (phosphatase and tensin homology deleted from human chromosome 10, also called as MMAC1 or TEP1) encodes a dual phospholipid phosphatase. It specifically dephosphorylates PIP3 to inhibit Akt signaling pathway, and FAK to suppress cell adhesion, spreading and recognition. It also inhibits shc phosphorylation and subsequently Ras/MAP-kinase pathway [1, 2] . PTEN dephosphorylates Akt to suppress membrane GLUT1 expression and glucose consumption in cancer cells [3] . Gu et al. [4] has found that PTEN deficiency resulted in CREB phosphorylation independent of PI3K/Akt pathway. Additionally, Helicobacter pylori might phosphorylate and inactivate PTEN at Ser380/ Thr382/383 to promote gastric epithelial cell survival via PI3K/Akt pathway PTEN protein [11] . PTEN mono-ubiquitination promotes protein stability and nuclear localization [12] , where PTEN interferes with interaction of Ku70 with doublestrand breaks via post-translational poly (ADP-ribosyl) ation of PARP1 [13] . HECT E3-ligase NEDD4-1 is a proto-oncogenic ubiquitin ligase to mediate proteasomal degradation of PTEN [14, 15] . NEDD4-like protein family, WWP2, physically interacts with PTEN and mediates PTEN degradation through an ubiquitylationdependent pathway [16] . However, the inhibitory effects of PTEN on NEDD4 expression are diminished by a mutation (C124S) in the catalytic site of PTEN [17] . Deubiquitylation and stabilization of PTEN by USP13 suppresses tumorigenesis and glycolysis in PTENpositive breast cancer cells [18] . Ret finger protein can promote atypical polyubiquitination of PTEN to inhibit PTEN phosphatase activity [19] . K163 acetylation and activation of PTEN is mediated by HDAC6 inhibition, which suppresses carcinogenesis and subsequent progression [20] .
PTEN, as an important tumor suppressor gene, is frequently deleted, mutated or down-regulated in various malignancies [1] and its conditional abrogation of PTEN resulted in organ-specific carcinogenesis, including hepatocellular cancer, urothelial carcinoma, squamous cell carcinoma of vagina and rectum, colonic adenocarcinoma, prostate cancer, papillomas, squamous cell carcinomas and T-cell lymphoma [21] . In the present study, we tried to map the history, emerging trends and research front of PTEN and gastric cancer using CiteSpace II. After that, we investigated the roles of PTEN expression in gastric cancer at both mRNA and protein levels by a meta-and bioinformatics analysis.
RESULTS

The research history, current and future hotspots of PTEN in gastric cancer
CiteSpace II could help us to facilitate the understanding and interpretation of structural and temporal network patterns. Here, we established a network ( Figure  1A ) using co-citation analysis as shown in Tables 1-3. The highly-cited, centered and burst articles indicated that PTEN discovery, correlation of its genetic and epigenetic alteration with cancers and the regulatory effects of miRNA on PTEN translation would be history, current situation and future hotpots about the roles of PTEN in gastric cancer. Among them, the papers whose titles contain "PTEN" should be read and investigated. On the other hand, we established a network of the key words from 597 articles ( Figure 1B) . The top frequent key and burst words indicated that investigators mainly explored the relationship between PTEN and gastric carcinogenesis, its effects on phenotypes of gastric cancer cells, and the correlation between PTEN and miRNA (Tables 4 and 5 ).
Selection and characteristics of preferable studies
We selected 17 articles paper for our meta-analysis as shown in Figure 2 and Table 6 . Only 5 articles include gastric normal mucosa and cancer samples [22] [23] [24] [25] [26] , 3 do gastric dysplasia and cancer samples [23] [24] [25] , 16 do the relationship between PTEN expression and clinicopathological features of gastric cancer [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] and 6 do survival data about PTEN expression [25, 28, 30, 33, 36, 38] .
The clinicopathological and prognostic significances of PTEN expression in gastric cancer
In 5 studies, 663 cancers and 361 controls were involved in our analysis. PTEN expression was lower in gastric cancer than normal mucosa epithelium ( Figure  3A , p < 0.00001). Cancer susceptibility was the same for the PTEN-negative dysplasia using 483 cancers and 103 dysplasia ( Figure 3B , p < 0.00001). There was a higher PTEN expression in female than male patients with gastric cancer ( Figure 3C , p = 0.03). PTEN expression was inversely linked to depth of invasion ( Figures 3D and 3E , p < 0.05), lymph node metastasis ( Figure 3F 
Heterogeneity analysis
To assess the heterogeneity, we deleted a study to observe the alteration in the pooled results of remaining studies ( Figure 4 ). For example, the pooled OR about relationship between PTEN expression and gender was remarkably decreased if Zheng (2007)'s study was excluded (data not shown).
The clinicopathological and prognostic significances of PTEN mRNA expression in gastric cancer
DErrico's and Wang's datasets were used to perform bioinformatics analysis. PTEN mRNA expression was found to be higher in gastric cancer than normal tissues, even stratified into intestinal-, diffuse-and mixed-type carcinomas ( Figure 5A , p < 0.05). TCGA data showed that PTEN mRNA expression was positively correlated with depth of invasion ( Figure 5B , p < 0.05), histological grading ( Figure 5B , p < 0.05) and dedifferentiation ( Figure  5B , p < 0.05) of gastric cancers. Kaplan-Meier plotter showed a positive correlation between PTEN mRNA expression and overall or progression-free survival rate of all, T2, T3, N1-3, N1, N2, M0, moderately-differentiated, 
DISCUSSION
PTEN induces cell cycle arrest by inhibition of Notch signaling [39] , and suppresses invasion through repression of epithelial-mesenchymal transition [40] and paxillin transcription via PI3K/Akt/NF-κB pathway [41] . PTEN overexpression suppresses adhesion, invasion and metastasis in osteosarcoma and gastric cancer cells with down-regulation of MMP-9, FAK and p-FAK [42, 43] . PTEN inhibits PI3K/NF-κB pathway and the binding of NF-κB to FAK promoter [43] . Loss of PTEN induces tubulin-based microtentacles for migration and metastasis through PI3K-independent activation of cofilin [44] . PTEN suppresses hyaluronic acid-induced MMP-9 expression in glioblastoma cells via FAK dephosphorylation [45] . Nuclear PTEN arrests cell cycle by suppressing cyclin D1 transcription, which is weakened by ERK1/2 activation [46] . In cancer cells, DNA-damaging agents results in ATM-mediated PTEN phosphorylation and the nuclear translocation PTEN to induce autophagy [47] . PTEN was reported to enhance autophagy by inhibiting ubiquitin-proteasome and PI3K/ Akt pathways respectively [48, 49] . Here, our bibliometric analysis indicated that the investigators mainly focused on PTEN discovery, correlation of its genetic and epigenetic alteration with cancers and the regulatory effects of miRNA on PTEN translation in the roles of PTEN expression in gastric cancer. Therefore, we performed a meta-and bioinformatics analysis about PTEN expression in gastric cancer at both mRNA and protein levels in the following work. Gastric precancerous lesions appear between gastric epithelium and adenocarcinoma, and are divided into adenomatous, regenerative, crysptal and globoid dysplasia [50] . Jang et al. [51] reported that nuclear PTEN expression was gradually down-regulated during colorectal mucosa-adenoma-adenocarcinomametastasis sequence. Consistent with the data about According to the data from Kaplan-Meier plotter, PTEN expression was positively related to both overall and progression-free survival rates of the patients with gastric cancer (C). HR, hazard ratio. tongue squamous cancer [52] , head and neck cancer [53] , pancreatic cancer [54] , colorectal cancer [55] , lung cancer [56] , sacral chordoma [57] , salivary adenoid cystic carcinoma [58] , renal clear cell carcinoma [59] , laryngeal and hypopharyngeal squamous cell carcinoma [60] , esophageal cancer [61] , we found that PTEN underexpression was detected in gastric cancer than mucosa or dysplasia, and negatively with depth of invasion, lymph node and distant metastasis, TNM staging, and dedifferentiation of gastric cancer according to meta-analysis, while versa for its mRNA level according to the bioinformatics analysis. Zhou et al. [62] demonstrated that the expression of PTEN mRNA and protein was significantly lower in hepatocellular carcinoma than the paracancerous tissues. The discrepancy might be due to different methodologies, a complex event from mRNA to protein, and a positive feedback overexpression of PTEN mRNA during progression. These results indicate that aberrant PTEN expression promotes gastric carcinogenesis and is considered as a good marker for aggressive behaviors of gastric cancer. Reportedly, PTEN overexpression was associated with favorable prognosis in breast cancer [63] , colorectal cancer [55] , triple-negative breast cancer [64] , lung cancer [56] , ampullary adenocarcinoma [65] , pancreatic cancer [66] , gastrointestinal stromal tumor [67] , oral squamous carcinoma [68] , esophageal carcinoma [61] , ovarian cancer [69] , and hepatocellular carcinoma [70] . It might be also demonstrated to indicate the favorable prognosis of tongue squamous carcinoma [52] , colorectal cancer [71] , renal cell carcinoma [72] , endometrial carcinoma [73] , esophageal adenocarcinoma [74] , mesothelioma [75] , lung cancer [76] , and invasive ductal carcinoma of the breast [77] as an independent factor. Our study showed that PTEN expression was positively linked to the favorable prognosis of the gastric cancer patients at either mRNA or protein level. da Costa et al. [78] demonstrated that PTEN hypoexpression was positively associated with a short overall survival of head and neck squamous cell carcinoma patients undergoing chemotherapy and cetuximab. Endoh et al. [79] found that PTEN expression was positively linked to a long survival after in EGFR-mutated lung cancer patients receiving gefitinib ademinstration. These findings suggest that PTEN loss is considered as a potential good marker for unfavorable prognosis of the gastric cancer patients at both mRNA and protein levels.
In conclusion, the study about PTEN and gastric cancer mainly focused on PTEN discovery, correlation of its genetic and epigenetic alteration with cancers, the effects of PTEN expression on the phenotypes of gastric cancer cells, and the regulatory effects of miRNA on PTEN translation. PTEN expression was down-regulated during gastric carcinogenesis as a late event, and was negatively associated with the aggressiveness and poor prognosis of gastric cancer at both mRNA and protein levels. The following disadvantages are mentioned in our study. Firstly, the positive results are published to cause Down, down-regulated expression; Pos, positive correlation.
Oncotarget s1084 www.impactjournals.com/oncotarget publication bias. Secondly, survival data were extracted from published Kaplan-Meier curves using software to cause processing bias. Thirdly, this small sample size influences the association strength between PTEN expression and clinicopathological characteristics to cause subject bias. Fourthly, bibliometric analysis calculates the co-words and co-citation, whose random property influences the final conclusion. Fifthly, bioinformatics analysis used the data of cDNA array and RNA sequencing of tissues, so cell type and proportion of tissues and the disadvantages of both high-throughput methods affect the results' accuracy.
MATERIALS AND METHODS
Identification of eligible studies and data extraction
We performed a publication search using PubMed, Web of Science, BIOSIS SciFinder and CNKI 
Bibliometric analysis
The downloaded files about PTEN from Web of Science was input into CiteSpace II (http://cluster.cis. drexel.edu/~cchen/citespace/), which is a freely available Java application for visualizing and analyzing trends and patterns in scientific literature. Firstly, we performed a hybrid network and timeline co-citation cluster analysis of the references with term labeled. After that, key terms were determined and subjected to co-word analysis.
Data extraction
Based on the inclusion criteria, two reviewers (HC Zheng and YH Qiu) independently extracted information from all eligible publications. The following information were included in each study: name of first author, year of publication, country, ethnicity, cancer types, source of control, antibody company, numbers of cases and controls, expression alteration, correlation with aggressive features, and follow-up times. Regarding survival analysis, we used Engauge Digitizer software to extract data from KaplanMeier curves and calculated the Hazard ratios (HR) and their corresponding 95% confidence intervals (CI). Any disagreement was resolved through discussion until the two reviewers reached a consensus.
Quality score assessment
Two reviewers (HC Zheng and S Zhao) independently assessed the quality of the included studies according to Newcastle Ottawa Scale (NOS, http://www. ohri.ca/programs/clinical_epidemiology/oxford.asp). The scale consists of three components related to sample selection, comparability and ascertainment of outcome.
Bioinformatics analysis
PTEN expression was analyzed using Oncomine (www.oncomine.org). We compared the differences in PTEN mRNA level between gastric normal tissue and cancer. The expression data (RNA-seqV2) and clinicopathological data of 392 gastric cancer patients were downloaded from the Cancer Genome Atlas (TCGA, https://cancergenome.nih.gov/) database by TCGA-assembler in R software. We integrated the raw data, analyzed PTEN expression in gastric cancer, and compared it with clinicopathological and prognostic data of the patients with gastric cancer. Additionally, the prognostic significance of PTEN mRNA was also analyzed using Kaplan-Meier plotter (http://kmplot.com).
Statistics analysis
HWE was evaluated using Chi-square test in control groups of each study. Strength of association between PTEN expression and cancer risk was assessed by odds ratios with 95% confidence intervals. Statistical significance of the pooled OR was determined by Z test. If there was no significant heterogeneity, the fixed effect model (Mantel-Haenszel method) would be employed. Otherwise, the random effect model (DerSimonian and Laird method) would be used excluding prognostic analysis. Heterogeneity effect was then quantified by I 2 test, which was subdivided into low, moderate and high degrees of heterogeneity according to the cut-off values of 25%, 50% and 75% respectively. Publication bias was evaluated by funnel plot and quantified by Begg's test and Egger's test to assess funnel plot asymmetry. Metaanalyses were performed with Revman software 5.3 and data from TCGA database was dealt with SPSS 10.0 using student t test. P < 0.05 was considered as statistically significant. 
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